Objectives. This randomized controlled trial studied the effects of a low-to moderate-intensity group exercise program on strength, endurance, mobility, and fall rates in fall-prone elderly men with chronic impairments.
HERE are encouraging data that exercise programs can improve strength (1) (2) (3) (4) (5) , gait (2, 6, 7) , balance (1, 8) , and perhaps decrease falls (9) (10) (11) (12) (13) (14) among healthy, nonimpaired older adults. However, individuals most at risk for fallsthose with gait impairments, weakness, chronic musculoskeletal or neurologic impairments-have been excluded from most exercise studies. Consequently, there is little evidence about the benefits and risks of including individuals at highest risk for falls in structured group exercise.
We conducted a randomized controlled trial to measure effects of an exercise intervention on muscle strength, gait, balance, and endurance among elderly men with risk factors for falls. Secondary aims were to measure effects of exercise on actual fall rates, self-reported health measures, and activity levels.
M ETHODS
The study, conducted at the Sepulveda VA Ambulatory Care Center, was targeted to ambulatory men aged 70 years or older who had at least one of the following key fall risk factors: lower extremity weakness (manual muscle score of Յ 4/5 in Ն 1 leg flexor or extensor muscle); impaired gait (score Ͻ 10/12 on the gait subscale of the Performance Oriented Mobility Index [POMI]) (15) ; impaired balance (score Ͻ 14/16 on the POMI balance subscale); or Ͼ 1 fall in the previous 6 months (not resulting from a violent blow, loss of consciousness, paralysis, or seizure) (16) .
Individuals were excluded if they exercised regularly or had severe cardiac or pulmonary disease, a terminal illness, severe joint pain, dementia, medically unresponsive depression, or progressive neurologic disease (e.g., Parkinson's disease).
The subject recruitment process is described in Figure 1 . Participants were randomized using a randomly generated sequence of cards in sealed envelopes. Groups of 16-20 men were randomized together at 3-6-month intervals to ensure exercise groups of manageable size. The research protocol was approved by the institutional review board, and informed consent was obtained from each participant.
The intervention consisted of three 90-minute sessions per week for 12 weeks, led by exercise physiology graduate students. The exercise protocol is outlined in Table 1 . Control subjects were asked to continue their usual activities during the 12-week control period.
Outcome measures were obtained prior to randomization (baseline) and within one week of the completion of the in-T Downloaded from https://academic.oup.com/biomedgerontology/article-abstract/55/6/M317/2948064 by guest on 18 July 2018 tervention period. Isokinetic strength of the hip, knee and ankle was assessed with a CYBEX 330 System. Physical performance tests used to assess strength, endurance, gait, and balance included a sit-to-stand test (19) , a 6-minute walk test (20) , an indoor obstacle course (21) , the POMI (15) , and a 15-second one-leg standing balance test. A physical therapist (PT) masked to subject assignment rated videotaped performance on the obstacle course and the POMI. Inter-rater reliability with a physician on a sample of subjects ( n ϭ 32) was 0.96 ( p Ͻ .001, weighted Kappa).
Three subscales of the RAND 36-item Health Survey (SF-36) (22) were used to measure physical functioning, role limitations, and general health perceptions. Physical activity was measured with the Yale Physical Activity Survey (23) . Number of falls and injuries sustained during the 12-week intervention period were obtained by questioning participants every 2 weeks either by telephone (controls) or at the exercise classes.
Repeated measures two-way analysis of variance (ANOVA) was performed on outcome variables. Significant interactions were examined (Tukey's test) to determine if effects were greater in the exercise or control group. Difference in fall rates was tested using a z test based on Poisson distribution.
R ESULTS
Baseline characteristics of the 59 randomized subjects are shown in Table 2 . Post-testing was completed by 90% of exercise subjects and 96% of controls. Exercise subjects attended 84% of the exercise sessions. Subjects who completed post-testing attended 91% of the sessions. Overall, Figure 1 : Subject recruitment process. *Of subjects not eligible after the telephone screen, 206 (49%) had no risk factors, 128 (31%) were too ill, and 84 (20%) refused to be randomized. † The physical examination was conducted by a physician assistant and physical therapist and included: quantitative neurologic assessment; postural pulse and blood pressure measurements; manual muscle and range of motion testing; foot evaluation; observational gait analysis (15) ; mental and functional status testing (17, 18) ; and medication review. ‡ Of subjects not eligible after the physical examination, 113 (41%) had no risk factors, 88 (32%) were too ill, and 17 (6%) refused to be randomized. *For strengthening exercise, subjects progressed from 1 to 3 sets of 12 repetitions over the first 4 weeks. Rate of progression was modified for subjects with physical limitations (e.g., joint pain, orthopedic deformities).
† Elastic band was attached to wall and secured over dorsum of foot. ‡ Endurance training alternated between the bicycle ergometer (once a week), treadmill (twice weekly), and indoor walking (twice weekly). The indoor walking course consisted of a 430-foot loop along indoor corridors and included 2 flights of stairs. Heart rate was monitored to insure that participants did not exceed 70% of their heart rate reserve.
§ Balance training was performed twice a week, increasing in difficulty over the 12-weeks. Exercises incorporated a rocking balance board, balance beam, obstacle course, and group activities (e.g., balloon volleyball, horseshoes).
there were no serious exacerbations of health problems associated with exercise.
Exercisers showed significant pre-post strength increases in 8 of the 12 joint movements measured, whereas controls improved in 4 of the 12 measurements (Table 3 ). There was a significant group by time interaction only for right knee flexion ( p ϭ .009), which increased significantly more for exercisers. Borderline interactions were observed for right knee extension and right hip flexion.
Exercisers showed large and significant increases in muscle endurance at the knee joint as compared to controls. Exercisers showed a significantly greater increase than controls in total work for three of the four joint movements tested.
Exercisers showed greater improvement than controls in the gait and endurance measures (Table 4 ). For the 6-minute walk, exercisers increased the distance they walked an average of 48 meters compared to 12 meters for controls ( F ϭ 6.6, p ϭ .01). Likewise, the POMI gait score improved significantly more for exercisers than for controls ( F ϭ 6.0, p ϭ .02). For the sit-to-stand test, exercise subjects increased their average number of repetitions by 23% compared to 4% for controls ( p ϭ .07). There were no significant group differences for the obstacle course score, the POMI balance scale, or the one-leg balance test.
At post-test, exercisers rated their global health better ( p ϭ .005) than controls, but there were no differences between groups on the three subscales of the SF-36. Within the exercise group, total activity time per week, as measured by the Yale survey, increased ( p ϭ .03), largely reflecting the time spent in the exercise classes (4.5 hours/week). No change in weekly activity time was observed for controls.
During the 3-month intervention period, 38.7% of exercisers and 32.1% of controls reported falling, with a total of 13 and 14 falls, respectively. There were no serious fallrelated injuries in either group. To determine whether greater activity levels were associated with an increased risk of falling, we calculated number of falls per 1000 hours of activity. For this calculation we used only the time reported for exercise and recreation activities, because these categories accounted for most nonsedentary activities. Using the combined totals for these two categories, total hours of activity during the 12-week intervention was 2141.23 hours for the exercise group and 861.60 hours for controls. The fall rate per 1000 hours of activity was 6.0 falls for the exercise group compared to 16.2 falls for the control group ( z ϭ 2.18, p ϭ .027; 95% CI for fall rate difference ϭ 10.2 Ϯ 9.1 falls/1000 hours activity).
D ISCUSSION
This study demonstrated that a simple program of progressive resistance exercises, walking, and balance training can improve muscle endurance, and functional mobility in elderly men with chronic impairments and risk factors for falls. In addition, this study provides new evidence on the complex relationship between physical activity and falls: exercise participants significantly increased their physical activity, yet experienced fewer falls per unit of activity.
The most notable physical benefit associated with this short-term exercise program appears to be an overall improvement in physical endurance, as evidenced by significant increases in both isokinetic and functional measures. The increase in muscle endurance, as measured by isokinetic total work, has not been reported previously. The fact that exercisers were able to increase their walking distance an average of 48 meters in just 12 weeks further substantiates the improvements we saw in muscle endurance and gait characteristics.
These are clinically important findings for an impaired population such as ours, because even modest improvements in endurance, strength, and mobility can have major impacts on an individual's ability to remain independent in the community. Previous research has shown that exercise has a positive impact on physical performance in both independent (5) and functionally impaired (4) communitydwelling older persons.
Exercise did not reduce unadjusted 3-month fall rates in this sample of fall-prone elderly men, which is not surpris- † Number of subjects. ‡ Յ 4/5 on manual muscle testing (i.e., complete range of motion against gravity with moderate resistance). ing given our short follow-up period. Other intervention studies have demonstrated significantly reduced fall rates only after one year of follow-up (9, 13) . In addition, our participants had multiple risk factors for falling, which makes it more difficult to demonstrate a positive impact from a single intervention alone (24) . Two recent studies (12,13) used a multifactorial approach to address multiple fall risk factors and successfully reduced one-year fall rates in community-living older adults. The fact that the rate of falls per unit of activity was significantly lower in the exercise group is a new and interesting finding. Exercise clearly benefits many aspects of health and quality of life, as is well documented in the rapidly growing exercise research literature. However, for individuals who are already fall-prone, increased activity may result in a greater risk of falling due to increased exposure to environmental hazards (25, 26) . It is possible that a potential reduction in falls from reduced risk factors would be offset by increased physical activity and exposure to risk, with no net change in overall fall frequency. Our attempt to adjust for exposure is one strategy for dealing with this offsetting phenomenon. Our findings suggest that simply looking at unadjusted fall rates may underestimate positive effects of exercise for fall-prone individuals.
A relatively small sample size and short follow-up period limited our study power, and our results should be generalized primarily to similar fall-prone, male populations. Nonetheless, these findings provide new evidence that older individuals with chronic impairments and risk factors for falls can safely participate in structured group exercise, and achieve improvements in endurance, strength, gait, and function.
